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of the Fe(CN)gm reduction increasing ca 4 times on
substituting Cs® to K*) as well as the walue of the
temperature coefficient point to a great importance of the
interaction between the anion and the next neighbouring
cation in the doﬁble layer. It is possible that in the
cage of the tervalent ferricyanide anion the

simultaneous interaction with two or three neighbouring
cations has to be taken into account. As these
interactions have not been considered while deducing

and (§)
eqo(ﬁ)(fﬁese can give only roughly approximate results.

I have tried to show that the close connection
between the adsorption of ions and their participation
in electrode processes can be demonstrated with the
help of many independent methods. I think that the
results obtained may help to solve similar problems in
other branches of electrochemical kinetics , where
the role of the adsarption of the reacting substance
has not been sufficiently elucidated up to now, as for
instance in the case of the irreversible reduction of

: d
many organic compouqéo

LRI L = SR Y

B N

S N e S ettt Sl s arotos 4rh e ch e o

25X1

#id A\ pproved For Release 2009/04/15 : CIA-RDP80T00246A006800630002-6 -2y sk




SR S R A Ry ST

R B ET YT ICTREANT.
54

Approved For Release 2009/04/15 . CIA‘RDP80T00246A006800630002- 6

Approved For Release 2009/04/15 :QIIA-RDP80T00246A006800630002-6

L iterature

10A0meking ZoEl@ktrOCheme,ﬁ 3 807 (:[955)0

2.A.Frumkin, Proc.Second Int.Congr.Surface Activity,
Electrical Phenomena, London, 1957, p.58.

3.A.Frumkin, Trans.Far.Soc., 53 156 (I959).

4.M.Breiter, M.Kleinerman and P.Delahayy, Jo.Am.Chems
Soce.s 80 ,5III (I958).

5.L.Gierst, Cindtique d'approche et réactions d'electrodes
irréversibles. Université de Bruxelles,

1958,
60JOK01th0ff and IaOkinaka, JoAﬂleChemoSOCog _8;9
(1959),

7.A.0brucheva, J.physic.Chem.(USSR), 32, 2I55 (I1958).
8.A.0brucheva, Compt.Rend.Acad.Sc.URSS, I20, 1072 (I958).

9.A.Frumkin and A.Titievskaja, J.physic.Chem.(USSR), 31,
485 (1957).

10.A.Frumkin and N.Poljanovskaja, J.physic.Chem.(USSR),
32 5, I57 (19%8).

II.B.Damaskin, K.Nikolajeva=Fedorovich and A.Frumkin,
Compt.RendsAcad.Sc.URSS, I2I, I29 (I958).

12.S.Jofa, B.Kabanov, E.Kuchinski and F.Chistjakov,
Acta physicochim.URSS, IO ,3I7 (I939).

I3.Tsa Chuan=sin and 8.Jofa, Compt.Rend.Acad.Sc.URSS;
in presso

T4.A.Frumkin and E.Aikasjan, Compt.Rend.Acad.Sc.URSS, I00 ,
315 (1955); Bull.Acad.Sc.URSS (Isvestja)
Chem.Ser., 202 (1959) .

I5.B.Kabanov and T.Birinzeva, J.physic.Cheme(USSR),;l,

N& (I1959).
I16.A.Frumkin and N.Aladjalova, Acta physicochim.URSS, I9;
1 (I9%4).
T ERE R S e i s A PR AR + A R R A e Y e

n Lre et

- e lmmwmea



e

b i

TN

plamas 1o

T T TT T e e T eyt e -

AT R R R G e,

-
4

e a— - - —_—

Approved For Release 2009/04/15 : glA-RDP80T00246A006800630002-6

17.A.Fedorova, J.physic.Chem.(USSR), 27, 517 (I953);
A.Fedorova and A.Frumkin, ibid., 27,

247 (1953).

IB.PoDeIahay»and I.Trachtenberg; J.Am.Chem.Soc., 79 ,
2355 (1957).

I9.R.Robinson and R.Stokes; Electrolyte solutions,
London, 1955, p.I120.

20.A.Frumkin, Z.Physik, 35, 792 (I926).

2I1.A.Prunkin and N.Nikolajeva=Fedorcvichy; Bull.Mosc.Unive
(Vestnik), Chem.Ser. N&, I69 (I957).

22.Tsa Chuan-sin and S.Jofa, Compt.Rend.Acad.Sc.URSS,
125, 1065 (1959).

23.N.Nikolajeva~Fedorovich and L.Fokina, Compt.Rend.Acad.
' Sc.URSS, 118, 987 (I958).

24.S.Jofa, Bull.MosceUniv.(Vestnik); Chem.Ser. N2, 139
(1956),

25eA.Frumkin and S.Shdanov, Compt.Rend.Acad.Sc.URSS,
96, 793 (1954); 97, 867 (I954).

26.Lu Bhou-zhung and S.Shdanov, Compt.Rend.Acad.Sc.URSS,

in press.

27.B.Damaskin and N.Nikolajeva=Fedorovich,
Hayenrpe powilenm Bucmef Hxom ,
Chemoserepép 143 <1959)o .

28.Z.Grabowski, Proc.of the 4=th electrochemical Meeting,
Academie Press, Mosoow; 1959, p.233.

29,G.Florianovich and A.Frumkin, J.physic.Chem.(USSR),
29, 1827 (1955).

30.A.Frumkin, N.Nikolajeva-Fedorovich and R.Ivanova, Canad.Journ. '

Chemo;37 5 253 (I1959),

31.N.Nikolajeva-Fedorovich, L.Fokina and O.Petrij, Compt.Rend.
AC&doSCoURSSp 122 9 6}9 (1958)9

Approved For Release 2009/04/15 : CIA-RDP80T00246A006800630002-6

P o)



o - —— e .. )

T 7T Approved For Release 2009/04/15 : CIA-RDP80T00246A006800630002-6 -
i

32.A.Prumkin and N.iNikolajeva, J.Chem.Phys.,26, 1552
(1957) -

33,N.Meiman, J.physic.Chem.;22, 1454 (1958).

-

. I == e e o=

RIROCP L cxcmbtr S ot s Awwae e o L e

Approved For Release 2009/04/15 : CIA-RDP80T00246A006800630002-6




. e . Car gt et St Y

| Approved For Release 2009/04/15 CIA RDP8OT00246A006800630002 6
Subscripts to figures.

Fig.i. Dependence of the shift of the potential@g) on
the initisl concentration of the ion adsorbed ¢.
1. KC1; initial electrode potential 0,7 U ;

W 20 mrg ® w " w
: 3. KJ R Q Q A
;,‘r b, ECBI‘;; » R a OB} v.

: Platinized Pt~electrdde. Potentials refered to
hydrogen electrode in n HZSOQQ

Figs20 Electrocapillary curves of mercury in n KN05 +
+OO‘inHl\103+leNOOSOVSNCEo
Curves from top to bottoms x=0; 0,04 n,
Oy1 Ry 032 n.

Fig.3. Effect of Cd‘ ions adsorption on the anodic
charging curves of platinized Pt.
Charging curves: I - in n stoa, 2 = inn HZSO4 :
+ 0, I n CdSOM 3=4inn stoa after adsorption
of €a%" from n H 580, + 0,I n Cdso,, (initial

potentlal O, v ) and 8 repeated washlng of

after the cleaned electrodé has been kept in
this solution for 80 hours. Curve & shows that

some Cd reappears on the surface, diffusing

: : back from deeper layers. The curves 3 and 4 are
shifted aloxg the abscissae axis by 0,2 v.

: ' ¥ refered to hydrogen electrode in n H,50,
3

. Flgob. Depemdence of the charge density of mercury ¢

on overvoltage«i

I=-nHCl ¢+ 2 n HC1 ,
2 " nHGL + 2 n KBr

3= nHEL + 2 n KJ.
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Fig.5.  Dependence of the overvoltage ¥
on the log of the current density c¢.
4 = n HCl + 2 n KC1 |

2 = n HC1 + 2 n KBr |

H

3 = n HCl + 2 n KJ.
Dotted curves calculated according to eq.(3)o

Fig.6. Dependence of the coverage of a growing mercury
drop with the adsorbed layer ¢ on the
concentration ¢ of N(CQHg)@J(}n the presence

of n K@}
I-~9¢=
3= 9=
5 = ¢ =

= 1,0 v 3 2 = ¢= ~I,3 v
= Is4 v 3 4 = @= =I,47 v
- I,5 v 9 6 - 9ﬂ= "15530

wo e

Dotted curve calculated according to the

equation

Figo'?o

of Ilcovié° (f’vso NoeCoEBo

Electrocapillary curves of mercury.
I - 0,I nN(C H7)401;
2

- 0,In N(CBH7)4J°

Fig.8, Dependence of the differential capacity C
on the potential in the neighborhood of
the desorption potential.

- N =3 ,
I -0 KCL Ion} n [N(C,Hg),], 80, ;
2 -nKBr +I0~“n [N(C4H9)4]2 SO,

3 = nKJ

+ 1070 0 [N(C Hg),], SO, -

A.g.frequency I000 Hz.

Fig.9. Dependence of the overvoliage on the log of the
current density. Dropping mercury eloctrode.
I = 2n HC1 + 2 n KC1 3 ‘
2 = 2n HC1 + 2 n KJ ;

3 - 2n HCl + 2 n KCL + 4,5.10

4
n N(C,Hg), Br;

L - 20 HCL + 2 n KJ + 4,5 .10 % n N(C4Hg), Br;
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FPig.I0s Dependence of the rate of the electroreduction
of Fe(CN)gu on the potential (ve.N.C.E:). The
rate @M given per szo
I - 1072 n K. Fe(CN)¢
2 - 102 n K;Fe(CN)¢ + 0,5.1077 n KCL ;
3 = 107 n K;Fe(CN)g + 102 n KC1 ;

b =102 n K3Fe(CN)g + 1,5.10 2 n KCl.

¥igelIo Dependence of the rate of the electroreduction on the
potential (v8oNoCoEo)o

I~ 107 n LiFe(CN)g ;
2-107n LijFe(CN)g + 2,102 n LiCl;
3-107n LigFe(CN)g + 3,10 7n LiCl.
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EFFECT OF SPECIFIC ADSORPTION OF ANIONS OX . 25X1
THE KINETICS OF ANODIC DISSOLUTION OF SOME METALS

A

J.M, Kolotyrkin, Moscow,

M L e VO

i ' The dissolution rate of somn metals in solutions
of eleectrolytes depends greatly not only on PH, but algo
en the anion composition of the solution, This influence
of the anions is often connected with their action on
the state of the passivating layer, i.e. on the diffugion
barrier, In recent years data has been obtained pointing
to the direct participation of the electrolyte aniong in
- the reactions of the discharge and the formation of me-
? talic ions. Such data was obtained in the works of Heys=
| rovskyl), R&ndlesZ),<§§risher3), Pionteli4) and the
author of this paper,
In investigations carried out by the author toéether
with L.,A, Medvedeva ) on the influence of haloigd salts
on the rate of dissolution of cadmium in acid solutions,
it was established that the overvoltage of the anodie
process iQ this case depends greatly on the nature angd
~concentration of the salts, The overvoltage begins to
decrease npticeably from a certain concentration of the
salts; the soncentration becomes less as the adesorb=
ability of the haloid ion grows, i.e, it decrcases with

the transition from C1 to Br and I, .
In explaining thome results it was assumsd that

. Approved For Release 2009/04/15 : CIA-RDP80T00246A006800630002-6
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the activiéing influence of the anions on the process
of anodic dissolution is connected with ¢t he specific
aﬂa@f@tion of these anions on the surface of the clsc-
trode, Bvidently such adsorption cam under certain
conditions bring about a noticocable decrease of the
potential barrier which the metal iom must OVercome

on transition from the metal phase into the solution,
Physically it probably means that the replacement of
moleculos of water by specifically adsorped aniong at
the surface of the dissoluting metal is in this case
accompanled by an increase in the overlaying of the
energy fields which act on the iom from the metallic
lettice and the solution. Under thesge circumstances,
the surface atom of the metal is included in the elee~
%ronic atmosphere of the anion, which inevitably leads
to a weakening of its ties with neighbouring atoms and
facilitates the transition from the metallic phase into
the solution in the form of a complex compound with sd-
sorped anions. The mechaniem of the dissolution of the
mdtal in this case can be represented in the form of the

following two comsecutive reactions:

Mo ¢ BT == (Mo An)™® 1/

(Mo An)™® (B AJ,@)L<> om0 2/

(z=n) | {1

The firet of these reactions correspond to the specific

Approved For Release 2009/04/15 : CIA-RDP80T00246A006800630002-6 o
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adgorption of the anion on the surface of the metal

ﬁ : with the formation of & complex and the second --with
gf‘~ the ionisation of the compound that follows, The kine-
¢ics of this §roc@sa can be expressed by tﬁe following
equation:

=K, C} @xp(ﬁ %)

whers Cg is the concentration of the haloid salst.

Similar results were obtained recently in enother
6)
experiment carried out in our laboratory by V.V, Losev |

3/

SRy T

: " who investigated the effect of anions on the process of
| anodic dissolution of Indium amalgam, Radioactive indi--

cators were used and with their help the exchange cur-

i
4]
k
A

rents between the amalgam and solutions of Indium salt
were measured at corresponding equilibrium potentials,
By combining this method with the usueal polarisation
measurements i1t was also possible to investigate the
Kinetics of the anodic reaction,

Measurements were g¢arried out in a cell shown on
figure I, In the upper part of the cell a radioactive
amalgam of Indium was prepared by electrolysis of the
corresponding solution, It was then poured into the
main, lower part bf the cell and a solution of Indium
palt was introduced from an adjacent auxiliary cell,

Preparation of the amalgam and all measurements were

Approved For Release 2009/04/15 : CIA-RDP80T00246A006800630002-6
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conducted in an atmosphere of nitrogen free of oxygen,

The amelgam and solution were vigorously stirred by a

magnetic g&k «The experiments were conducted at a
eonstant concentration of Indium in the amalges and the
solution; a constant ionic strength of the solution. {3

was maintained by adding NaClOAo

After the amalgem came into contact with the sola~
tion it was polarised cathodically. At the same time
together with the cathodic process of discharge of In-
dium ions, the process of ionisation of the atomg of
Indium takes place as well, although at a slower rate,
The increase of radioactivity of the solution was &
measure of the rate of the anodic reaction X),

With the help of this method the influence of the
concentration of the Sodium haloid éalts on the rate of

dissolution of 0O,IM amalgam of Indium in solutionms of
OVOIMﬁaCIO& & ODOOIMH0104 wae measured at different

potentials and in particular at equilibrium potential
(@xchange eurrent) ,

The results of measurements showed that the de-
‘pendence of the rate of the true anodic process on ¢the
potential is characterised in thig case by & Tafel line
with & slope of 0,025 V. One of these lines ig glvon

x) A more detailed explanation of the method is
given in 7/ |

'

[
S
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on figure 2, The current polaxisgation curve received
in this experiment le algo plotted om figure 2. Flgure
2 chowo that glvom & sufficicnt shift Lrom the oquili- -
brium potential in the pesitive directiomn the truc amedie
eurve received by radiochomical mothods colncides with
the snedic eurrent pelarisgation curves,

It should be peinted out that the slepe of the Tafel
line and comngequently the trengitiom coeflficient [5?—2,3'%};:_:3/3%
roRein constant although thoe moture of the haloid salg
and 1%s concentration im the Bolution changed., The imtre-
duetion of haleid calys, however, brings gbout & notice-
able deecroase in the overvoliege of the anodic process,
One can mee this on L£igure 3, where the curve chgracteor—
iging tho dependensc of dissolution rate of Indium amald-
gen at constent potemtial on tho concomtration of maci
is plotted, A similar dépendence was rocoived also for
HaBr cad FHed (Ligurs 4).

Ag can be é@@n from tho abovementioned data,boglpm-
ing from g corteim coneentratien, whish lnereages on
trongition from I~ to Br amd €1~ , the subssquent in-
80856 Z?n%h@ ;ia pals in ¢the selutien brings abowd
on inerease im the dissolutiom rate of Indiwn emelgaa,
Judging Lrom the slepe of tho upper poetiom of the
eurvos on figuvre 3 & 4, the order of tho awedis Foae-
tion by the halolid lons changos notiseably on ¥rangl-
tion from €1~ %o Br amd I~ , Fhus, Lor imstanee, if

W o - . Approved For Release 2009/04/15 - CIA-RDP80T00246A006800630002-6 v i Sie b
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in $ko prosomec of a8l (whom €.> 0,50 0,) ¢the Moo

&
tle0 of tho oloetmedo roaetien som bo oxprogsed by ognoe
gion /3/ with ecofficlomy © & o olEpot oguael $e 3,

p B thoz im tho progopeo of Lrerddos (whon Cg> 0,ED5m, )

. omdl 40d4dos (whom @g > 2,107%n.) thio ecofficiomd et
bo Gekonr o Bo 2 amd X @@iéroop@mdimglyo )
Yo undorstond the meschamiam of $tho amdenn’ imfiwoneo

om tho Idnoties of tho 0loetzedo roactien 1% is meeosgnry
%o omardmo tho bohaviour of current exechango ( Yo ) fLor
Inddun analgen wador tho ceme eomditiens, A@ chown by
VoVe Eooov, the ilnorocsc of the concomtration of Hatl to
0,5 1 dees mot brimg about am.incroag@ in tho exehcugo :
curront, vhieh, ac in the imltisl golution, romaime ogmal
80 1.6°10% ofce® , although the rato of the mnodis roas-
tion imerccsos approxdmatoly a thonsand timoc Z/a ¥hd o
consteagy of W <o m towtifylng to @ motiececble slow-
ing doum of the eathodiec roaection with the imercage of

08 » convieces ug once again that the influence of cniomg
cannot be axplaincd by the chongos im the strusturc of
the double layor ¢aldng placc under the infliwonce of
thelr cdeorption and tho oppearcmece of a megotive

Y - potential (o was dome by Prunidn 8/ for tho hydregon
cvolution roametiom). If thege chamges in the doublo

194 Yhe imeroase im tho concemtreatiom of HaC€l nlge
led ¢e o chdft im tho oquilibrum poterticl of tho @
oyotom im the mogabive directien, ceeomding %o Gho J
oqma%i@a~‘9% = 0,040 V, ‘ ]

%< :
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layer were the only result of the adsorption of anions,
this adsorption would bring about an equal acceleration
of both tﬁe cathodic and the anodic reaction and conse-
quently to the increase of thse exchange current at an
invariable equilibrium potential, ‘ .
At present‘we can congider as firmly established
the existence of a good conformity between the adsorb-
ability of anions on the electrode metal and their abilé
ity to form complexes with the corresponding cations,
Evideﬁtly, because of this a change in the anion con-
tent of the soluﬁion can lead not only to a change in
the energy state of the surface atom but also to a
change in the energy state of the metallic ion in the
golution, From this point of view the noticesable slow- |
ing dowm of the cathodic reaction with the increase in
the concentration of Cl ions can be connected with the
fact that the discharge of hydrated ions of Indium takes
place with a smaller activation energy than the dis-
charge of complex ions of Indium with Cl .,
To understand the mechanism of the anions' action
on the kinetics of the anode reaction, the data received
in our laboratory during the investigation of the adsorp-
tion of Iodiﬁe ione on & silver electrode is also of in-
tére9t° Using radioactive indicators i{ was established
that the degreé‘of surface coverage of the electrode by
__ppecifically adsorped aniong, and what is particularly

Approved For Release 2009/04/15 : CIA-RDP80T00246A006800630002-6
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~ important, the strength of the aniéns“ bond with the
gurface atoms of the metal increase noticeably with the
ghift of the electrode potential in the positive direc-
tion,

The data obtained in studying the dependence of the

kinetics of the desorption of Iodine ions on the poten-

. tia) of the preliminary polarisation of the electrode
bears out the existence of the effect of the strengthen-
ing of the adsorption bonds, Corresponding experiments
were carried out in solutions with a very small concen-
tration of KJ, that is in conditions when the potential
a% which the complete adsorption of iodine ions from the
golution can easily be achieved, One and the same degree

of surface coverage corresponded to different and more

i
|
1
i

positive potentials than this value,

The results of one of these experiments are given
in £i¢J, 5. In this case the kinetics of desorption were
determined at one and the same potential equal to =0, 335V
(in regard to the potential of the reversable hydrogen
electrode in the same solution). However, the potentials
of preliminary polarisation differed one from the other
and equalled -0,.174 v (curve 1) and -0,124 v (curve 2).
Ina I,OFR H2$O4 solution, containing at the beginning

I°6°10m9‘@q0/1 KJ, one and the same degree of surface

11 ionm/em2

coverago 16,9.10 corresponded to these two
potonblals, However, in spite of Hhls, the desorption

~
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of Iodine iong at a potential equal to =0.335 v pro-

Aé@eded &ll the slower the more positive the potential

of adsorption, Thus, for the above given potentials
of preliminary polarigation the subsequent desorption
of one and the same quantity of Iodine ions - equal to
4°1010 ions/cm® - took place - other conditions being
equal -~ in 27 and IIQ minutes respectively,

that the specific adsorption of anions which beging at
much more negative potentials than the potential of the
diésolution of the electrode metal should be regarded

88 the beginning of the formation( with the help of co-
valent bonds) of the correspondipg salt. However, at the
earlj stage of gdsorption the strength of thig bond
differs noticeably from the strength of the bond in the
corresponding individugal compound, As the potential
shifte iri the Positiva direction this difference grous
lees, and finally disappears altogether, Starting from

this potential, the metal beging %o g0 over imto the

@olution im the form of complexes with the eanions boing
adsorbed,

In conelusion it should be noted that tho spocifie
cdsorption of aniong can lead not only to the docreago
in the overvoltage of ¢the smodic digsolution reactien,
But aleo in smome ¢ases to iits noticoable inercase, that

ie to She pessivation o. the netallic surface. Such

02-6
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sogulia wexrs, Lop imnstmeo, obtolned im Sholr time by
boA, ToRa and LA, E@@v&@ovag/ o Whe chewed thag tho
opocific edoerption of Yodimo loms om irom im ocid
colutiens loads %o o notiseableo slewing dewm of the
aodic diggelution of ¢this metal, In further investi-
gations it wes shown that thlg plowing down eomld beo
ebgorved oven in those eascs whem %hé guantity of
adsoxped Yedine was suffiecicmnt for the formadien of

) orly a tomth of @ part of tho momelayew, Unfersunately,
| thooo quogtions go boyomd the eonfimes of thic paper,
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Flgaro I,
Figure 2.

Figure 3,

Pigure 4,

Pigure 5.

Tiet of Kigures

Ccll used fox experiment

Pelarication curves of Indium Amalgam
(0.IM) in & solution of 0,0IM I (€10,),

%X - normal pelarisation curves,

o -~ true cmodic curve, received redio-
chemically

( © - oxchonge current ).

The dependemece of the rate of tho truc
cnodie process on the concembtratiom of
¥aCl at a constant potential

( Y s 0,330 v ).

The dependence of the rate of the true
anodiec process on the concentration of

FaBr (triangles) and NaJ (circles)

at @ constant potential ( VSP = =0,275 V)

Partial desorption of Iodine from a silver
electrode at a potential -0,335v, after
preliminaxy polarisation of the electrode
at potential = =-0,174v (eurve 1) amd
-0,124 v (curve 2).
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